Development of a novel colorimetric food package label for monitoring lean pork freshness by Chen, Hui-zhi et al.
Accepted Manuscript
Development of a novel colorimetric food package label for monitoring lean pork
freshness
Hui-zhi Chen, Min Zhang, Bhesh Bhandari, Chao-hui Yang
PII: S0023-6438(18)30780-1
DOI: 10.1016/j.lwt.2018.09.048
Reference: YFSTL 7428
To appear in: LWT - Food Science and Technology
Received Date: 6 March 2018
Revised Date: 10 July 2018
Accepted Date: 16 September 2018
Please cite this article as: Chen, H.-z., Zhang, M., Bhandari, B., Yang, C.-h., Development of a novel
colorimetric food package label for monitoring lean pork freshness, LWT - Food Science and Technology
(2018), doi: https://doi.org/10.1016/j.lwt.2018.09.048.
This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
1 
Development of a novel colorimetric food package label for 1 
monitoring lean pork freshness 2 
 3 
Hui-zhi Chena,b, Min Zhanga,c*, Bhesh Bhandarid, and Chao-hui Yange 4 
 
5 
a
 State Key Laboratory of Food Science and Technology, School of Food Science and 6 
Technology, Jiangnan University, 214122Wuxi, Jiangsu, China 7 
b
 International Joint Laboratory on Food Safety, Jiangnan University, 214122 Wuxi, 8 
Jiangsu, China 9 
c
 Jiangsu Province Key Laboratory of Advanced Food Manufacturing Equipment and 10 
Technology, Jiangnan University, China 11 
dSchool of Agriculture and Food Sciences, University of Queensland, Brisbane, QLD, 12 
Australia 13 
e Yangzhou Yechun Food Production & istribution Co., Yangzhou 225200, Jiangsu, 14 
China 15 
 16 
*Corresponding author: State Key Laboratory of Food Science and Technology, 17 
Jiangnan University, Wuxi, China. Tel. /fax: +86 510 85877225 (M. Zhang). E-mail: 18 
min@jiangnan.edu.cn (M. Zhang) 19 
20 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
2 
ABSTRACT 21 
The aim of this work was to develop an easy-to-use food package label for pork 22 
shelf-life assessment. Meat samples were packaged in polyethylene terephthalate trays 23 
with on-package indicator labels and kept at 5°C for 8 days. These indicators 24 
contained three groups of pH-sensitive dyes, i.e., bromocresol purple, bromothymol 25 
blue, and a mixture of bromothymol blue and methyl red. Results of pH, total volatile 26 
basic nitrogen (TVB-N) contents, aerobic plate counts and sensory scores of pork 27 
differentiated between fresh (on 0~3 days), medium fresh (on 4~5 days), and spoiled 28 
lean pork (on 6~8 days). Results of total color difference and principal components 29 
analysis carried out with colorimetric data of different indicator labels showed that the 30 
indicator label made by a mixture of bromothymol blue and methyl red at 3:2 31 
proportion (at an initial pH of 5.0) was able to discriminate fresh (red), medium fresh 32 
(goldenrod), and spoiled (green) pork in cold storage. The statistical models obtained 33 
by partial least squares, with the color change of label, successfully predicted TVB-N 34 
contents and aerobic plate counts of pork. These results suggest the potential 35 
feasibility of this particular indicator system for monitoring freshness of packaged 36 
pork via color change detected directly using the naked eye. 37 
Keywords: Lean pork; Freshness; Indicator label; Color change; Intelligent 38 
packaging 39 
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1. Introduction 41 
Pork meat is popularly consumed in China but fresh pork meat is highly 42 
perishable. Quality deterioration of meat is mainly caused by microbial contamination 43 
and biochemical reactions (Zaragoza et al., 2015). Thus, safety is of main concern for 44 
fresh pork meat during storage period. Pork spoilage is a complicated process 45 
accompanied by changes of internal attributes (chemical components) and external 46 
attributes (color, texture, flavors, etc.) (Mozuriene et al., 2016). Numerous methods 47 
for measuring meat spoilage have been proposed. For instance, total volatile basic 48 
nitrogen (TVB-N) is a parameter referred to ammonia and amines generated by 49 
decomposition of protein in meat. Its value is related to growth of microorganisms, 50 
such as Pseudomonas spp. (Boziaris, Kordila, & Neofitou, 2011). Analyses of TVB-N, 51 
microbial counts, pH and sensory evaluation are traditional methods currently used 52 
for evaluating the spoilage status of pork. However, these methods are 53 
time-consuming and complex to operate. 54 
Odor of meat develops with time during storage, which is a part of the most 55 
important factors of meat freshness. Some biogenic amines like cadaverine, putrescine, 56 
tryptamine and tyramine were found to be significantly relevant to the traditional 57 
quality indices mentioned above in meat products (Xiao et al., 2014). Some studies 58 
have been carried out to develop a measurement of meat freshness based on electronic 59 
nose (Vestergaard, Martens, & Turkki, 2007), gas chromatography-mass spectrometer 60 
(Iglesias et al., 2009), colorimetric sensor array (Huang et al., 2014) and 61 
optoelectronic nose (Salinas et al., 2014). However, these reference methods are 62 
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destructive examination for testing samples and unsuitable for online monitoring. 63 
Thus, a nondestructive, easy to operate, and low-cost analytical method needs to be 64 
developed as an on-line indicator for monitoring pork freshness.  65 
Intelligent packaging or smart packaging is a packaging system that can monitor 66 
the condition of the packaged food or the environment surrounding the food in order 67 
to enhance safety and improve quality during transport and storage (Fang, Zhao, 68 
Warner, & Johnson, 2017). Sensors, indicators (e.g., gas indicators, freshness 69 
indicators, time-temperature indicators and thermochromic ink), and radio frequency 70 
identification are major technologies for intelligent packaging (Vanderroost, Ragaert, 71 
Devlieghere, & De Meulenaer, 2014). Among these, food freshness indicator is a 72 
packaging system (or a part of the package) which can constantly monitor the status 73 
of food freshness in terms of metabolites related to food spoilage. Some works have 74 
been conducted on meat and fish freshness indicators based on the volatile 75 
compounds released by microbial spoilage, thus resulting in the pH increase inside 76 
package headspace. For example, a colorimetric dye based sensor and indicator was 77 
developed by Pacquit et al. (2006) and Pacquit et al. (2007) for monitoring fish 78 
spoilage on the basis of the presence of TVB-N in package. The system contained a 79 
pH-sensitive dye (bromocresol green) which was entrapped within a polymer matrix 80 
and displayed a color change from yellow to blue. Kuswandi et al. (2014) produced an 81 
on-package sticker sensor based on methyl red for monitoring of broiler chicken cut 82 
freshness through a color change from red to yellow and dual sensors label based on 83 
methyl red and bromocresol purple for monitoring of beef freshness (Kuswandi & 84 
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Nurfawaidi, 2017). For these indicators, the color responses to medium freshness may 85 
not be so remarkable via detecting directly using the naked eye. In addition, spoilage 86 
thresholds of different types of foods were distinguishing and the suitable pH 87 
indicator label for each packaged food needs to be investigated. For example, an 88 
on-package indicator made by a mixture of bromothymol blue and methyl red was 89 
well correlated to CO2 levels of intermediate-moisture dessert caused by microbial 90 
growth (Nopwinyuwong, Trevanich, & Suppakul, 2010). Thus, the color change of 91 
this indicator shifted from basic form to acidic form because of the pH decrease. 92 
The amount of publications on pork freshness indicators is limited and there is 93 
still room to design simple methods to provide information about the different 94 
freshness status (especially the medium freshness) of the stored meat. The objective 95 
of this work was to develop and assess an easy-to-use colorimetric food package label 96 
for the shelf-life assessment of packaged lean pork in cold storage.  97 
 98 
2. Materials and methods 99 
2.1. Materials and chemicals 100 
Bromocresol purple, bromothymol blue, methyl red, methylcellulose, and 101 
polyethylene glycol-6000 were supplied by Sinopharm Chemical Reagent Co., Ltd. 102 
(Shanghai, China).  103 
2.2. Indicator label fabrication 104 
The indicators were formulated specifically for monitoring meat freshness. Table 105 
1 presents the amounts of dye and pH used. The selection of dye solutions (5 g/L 106 
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bromocresol purple, 5 g/L bromothymol blue, and 5 g/L methyl red in solvent of 107 
ethanol) was based on previously reported indicators (Nopwinyuwong, Trevanich, & 108 
Suppakul, 2010; Rukchon, Nopwinyuwong, Trevanich, Jinkarn, & Suppakul, 2014) 109 
and our experience (Chen, Zhang, Bhandari, & Guo, 2018) in designing freshness 110 
indicators. The final indicator materials were made by mixing a suspension of 30 g/L 111 
methylcellulose, 10 g/L polyethylene glycol-6000, 40 mL/L corresponding dye (Table 112 
1) solutions in distilled water. The mixture was adjusted for pH (Table 1) and stirred 113 
for 2 h. Then an indicator film was formed by removing the solvent using hot air 114 
drying at 40°C for 6~10 h and it made an indicator film. This film was cut into 1 115 
cm×1 cm. Lastly, the indicator film and filter paper (as background) were wrapped 116 
with the food-grade polyethylene (PE) cling wrap film (water vapor permeability of 117 
150 g/m224 h). Therefore, the indicator label consisted of indicator film, filter paper 118 
and PE film.  119 
2.3. Sample preparation 120 
Fresh lean pork without skin from the upper part of pigs’ legs were purchased in 121 
the local market and immediately brought to the laboratory. Samples were cut into 122 
portions of 150±10 g and distributed on polyethylene terephthalate (PET) trays and 123 
caps (15.3 cm × 5.3 cm). Distilled water (150±10 g) was added into control trays. Six 124 
indicators (Table 1) were simultaneously placed above each sample and stuck into the 125 
cap of PET tray. Nine repeated trays containing the six different indicators with meat 126 
samples were prepared for each sampling day over a period of 8 days at 5°C. 127 
2.4. Determinations 128 
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Chemical, microbiological and sensory parameters of samples were analyzed 129 
every day. Photographs of indicator labels were also obtained.  130 
2.4.1. TVB-N contents 131 
TVB-N contents were determined by steam distillation according to the method 132 
described by National Standard of the People's Republic of China GB/T 5009.44-2003, 133 
i.e., method for analysis of hygienic standard of meat and meat products. 10 g of 134 
minced meat was put into an Erlenmeyer flask, blended with 100 mL of distilled water, 135 
and impregnated further for 30 min with shaking the Erlenmeyer flask every 10 min. 136 
After that, the mixture was filtered. Steam distillation of both 5 mL of filtrate and 5 137 
mL of Magnesia suspension (10 g/L) was distilled for 5 min using a Kjeldahl 138 
distillation unit. The distillate was absorbed by 10 mL of 20 g/L boric acid, and then 139 
titrated with about 0.01 mol/L HCl. The results are expressed as mg/100 g. TVB-N 140 
contents were determined in all samples in triplicate. The content of TVB-N was 141 
calculated using the following equation (1). 142 
TVB-N content (mg/100 g)= (V1 − V2) × c × 14
m×5/100 × 100       (1) 143 
Where V1 is the titration volume for the tested sample (mL), V2 is the titration 144 
volume of blank (mL), and c is the actual concentration of HCl (mol/L), m is the 145 
weight of minced pork sample (g). 146 
2.4.2. pH 147 
Five g of lean meat was minced and homogenized with 45 mL of distilled water 148 
(Zhang et al., 2012). Afterwards, the pH of homogenate was measured using a pH 149 
meter (pHS-3C, INESA, China) at room temperature. pH was determined in all 150 
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samples in triplicate. 151 
2.4.3. Microbial analyses 152 
Microbiological examination was determined by aerobic plate count according to 153 
National Standard of the People's Republic of China GB 4789.2-2010. 25 g of sample 154 
was taken aseptically, put in sterile stomacher bags, and homogenized for 2 min in 155 
225 mL of 8.5 g/L aseptic physiological saline solution. A series of decimal dilutions 156 
were prepared and spread over agar plates. After incubation for 48±2 h at 36±1°C, 157 
colonies on the plates were counted. Experiments were conducted in triplicate and 158 
microbial data were recorded as colony-forming units (CFU) and expressed as log10 159 
CFU/g. 160 
2.4.4. Sensory evaluation 161 
The sensory evaluation was performed to evaluate off-edible properties of pork 162 
samples (c.a. 150 g pork meat) on different storage days. The off-edible properties in 163 
this work referred to the intensity of off-odors, off-color, and lixiviated liquids 164 
associated with meat spoilage (Salinas et al., 2014). A panel of nine trained judges 165 
was used for sensory test. The pork sensory attributes were evaluated using 9-point 166 
scale: 9=none (excellent and fresh quality), 7=slight (good quality), 5=moderate (limit 167 
of marketability) and 1=extreme (extremely poor quality) (Omana et al., 2014). The 168 
score of acceptability limit was 5. All samples were served once and the evaluated 169 
order was randomized. The sensory scores for each sample were calculated by 170 
averaging the individual scores for the 9 sub-samples (Veberg et al., 2006). 171 
2.4.5. Digital imaging and data collection 172 
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Images of the indicator labels were captured by a camera in a color controller 173 
light box with constant lighting conditions. Colorimetric data of indicator labels were 174 
extracted from the photos using MATLAB R2016a (MathWorks Inc., USA) to isolate 175 
RGB (red, green and blue) and CIELab (L*, a*, b* values) coordinates. The total 176 
color difference (∆E) of indicator label was calculated from the differences of L* 177 
(lightness), a* (deviation towards red to green), and b* (deviation towards yellow to 178 
blue) using the following equation (2) (Ohta, 1977):  179 
∆E=L*-L0*2+a*-a0*2+b*-b0*2 
      (2) 180 
L0* , a0
*
 
, and  b0
*
 
 values were the L*, a*, and b* values of the indicator labels in 181 
control tray.  182 
2.5. Statistical analyses 183 
Data (means ± standard deviation) of TVB-N contents, pH, aerobic plate counts, 184 
sensory scores and ∆E were statistically processed using SPSS 16.0 (SPSS Inc., 185 
Chicago, IL). An analysis of variance (One-Way ANOVA) using the general linear 186 
model procedure was conducted for each evaluated parameter, in which indicator 187 
number was the factor for ∆E and storage time was the factor for other parameters. 188 
Descriptive and Tukey’s multiple range tests were applied for comparing the means at 189 
5% significance level.  190 
Principal components analysis (PCA) was also carried out with the SPSS 16.0 in 191 
order to evaluate the feasibility of the indicator labels. Partial least squares (PLS) 192 
regression was conducted by OriginPro 9.1 (OriginLab Corporation, Northampton, 193 
MA, USA) for predicting the TVB-N contents and aerobic plate counts from the data 194 
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obtained with the colorimetric indicator label. Cross validation was used prior to 195 
building the model. 196 
 197 
3. Results and discussion 198 
3.1. Chemical, microbial and sensory changes in lean pork 199 
3.1.1. TVB-N contents 200 
Microbial spoilage and biochemical reactions are two key reasons for freshness 201 
deterioration of pork during storage. Metabolites like amines, aldehydes, ketones and 202 
esters, and other low molecular weight substances responsible for off-flavors and 203 
sensory product rejection are produced. Among these basic nitrogenous compounds 204 
constitute TVB-N, which is an essential reference index for evaluating pork freshness 205 
(Li, Chen, Zhao, & Wu, 2015). According to National Standard of the People's 206 
Republic of China GB 2707-2016 (Hygienic standard for fresh (frozen) meat of 207 
livestock), the TVB-N content of fresh meat should be less than or equal to 15 mg/100 208 
g. As can be seen in Table 2, the TVB-N values of samples were below 10 mg/100 g 209 
within the first three days which indicates samples were fresh. Then the TVB-N 210 
values were between 10 and 15 mg/100 g on days 5 and 6, at this time, the freshness 211 
of lean pork became medium fresh. Spoilage of the pork sample at 5°C was evident 212 
on day 6 with TVB-N value of 19.07±1.41 mg/100 g. TVB-N is mainly composed of 213 
ammonia and primary, secondary, and tertiary amines (Zhang, Shen, & Luo, 2011). 214 
The observed increase of TVB-N concentration was attributed to the conversion of 215 
trimethylamine N-oxide in the muscle to trimethylamine, dimethylamine and 216 
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formaldehyde besides deamination of adenine nucleotides (Umuhumuza & Sun, 217 
2010). 218 
3.1.2. pH 219 
As can be observed in Table 2, initial pH value of pork sample was lowest and its 220 
level increased gradually with storage time. The pH of pork samples was 6.22±0.07 221 
on day 5 which increased to 6.33±0.08 on day 6 at 5°C. Then the value of final pH of 222 
samples after storage was 6.67±0.11. The results were similar to those reported by 223 
Rahman, Wang, and Oh (2013) and Mansur, Tango, Kim, and Oh (2015). The reason 224 
of the increase in pH during storage could be related to degradation of proteins and 225 
accumulation of amines (Gill, 1983). Generally, higher pH meat may have inferior 226 
quality compared to lower pH meat. Because high pH will cause enhancement of 227 
microbial proliferation and short shelf life (Holmer et al., 2009). Meat of about 6.0 or 228 
higher pH has significantly different properties, such as darker in color, firmer and 229 
drier (Egan, Eustace, & Shay, 1988).  230 
3.1.3. Aerobic plate counts 231 
Meat is a nutrient-dense medium ideal for many spoilage microbes (like 232 
Pseudomonas species and Lactic acid bacteria) and pathogens (such as Listeria 233 
monocytogenes) to grow (Zhang, Kong, Xiong, & Sun, 2009). The trends of aerobic 234 
plate counts of lean pork (Table 2) corresponded to TVB-N concentrations at 5°C. 235 
There was an increase of aerobic plate counts with the raise of TVB-N values. This 236 
was in agreement with Fraqueza, Ferreira, and Barreto (2008)’s result. Li et al. (2014) 237 
also reported that the changes of putrescine and cadaverine were similar to the 238 
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changes of total viable count of microorganisms during storage of pork in pallet 239 
packaging at 4°C.  240 
Several authors have considered 6 log10 CFU/g of mesophilic bacteria to be a 241 
limit to evaluate microbial spoilage (Ozogul, Ozyurt, Ozogul, Kuley, & Polat, 2005; 242 
Zaragoza et al., 2015). Whereas, Huang et al. (2014) used an arbitrary value for total 243 
viable counts of 7 log10 CFU/g which was considered as the upper acceptability limit 244 
of fresh pork meat. According to National Standard of the People's Republic of China 245 
GB/T 9959.2-2008 (Fresh and frozen pork lean, cuts), the aerobic plate count of fresh 246 
meat should be less than or equal to 106 CFU/g. The aerobic plate count of samples in 247 
the present study reached this acceptability limit on day 6 at 5°C (6.3±0.2 log10 248 
CFU/g).  249 
3.1.4. Sensory scores 250 
Sensory scores of chilled pork during 8 d-storage at 5°C are also presented in 251 
Table 2. Sensory scores of samples gradually decreased during storage, which 252 
indicated a moderate increase of the off-edible properties of the samples. The sensory 253 
scores of pork samples were over 7 (good quality) on day 3 and over 5 (medium 254 
quality) on day 5. The sensory score of samples on day 6 was 4.33±0.50 which was 255 
below the acceptability limit (score of 5) in the sensory analysis. In accordance with 256 
TVB-N concentration changes, samples on day 6 had lixiviated liquids and 257 
unacceptable off-odors associated to meat spoilage. Li, Hao, Yang, and Mo (2016) 258 
reported similar results that all sensory scores for chilled pork decreased during 8 259 
days of storage at 4°C.  260 
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Furthermore, considering that the TVB-N contents and sensory scores of samples 261 
on day 6 at 5°C were more than the acceptability limit respectively (i.e., TVB-N 262 
contents > 15 mg/100 g and sensory scores < 5), therefore the threshold of spoilage 263 
was defined as day 6 at 5°C in this study. The medium fresh group included the 264 
samples on days 4 and 5, and fresh group comprised the samples from day 0 to day 3 265 
(TVB-N contents ≤ 10 mg/100 g and sensory scores ≥ 7).  266 
3.2. Color changes of indicator labels for lean pork spoilage trial 267 
Color changes of indicator labels were observed during storage. The different 268 
colors of indicator labels on 0 d, 4 d and 8 d at 5°C can be observed in Fig. 1. When 269 
pork became spoiled, it released volatile organic bases, resulting in the alkaline 270 
increase of gas composition in the headspace of the trays. Meanwhile, samples in the 271 
seal packaging produce moisture conditions for indicator. Therefore, the color of 272 
indicators will change for meat spoilage indication based on pH increase as the basic 273 
spoilage volatile amines were gradually produced in the package headspace. The color 274 
range of bromocresol purple indicator is 5.2~6.8, if pH is below 5.2 or above 6.8, the 275 
color of the indicator will correspond to yellow and purple respectively. The color 276 
range of bromothymol blue indicator is 6.0 (yellow) ~ 7.6 (blue) and the color range 277 
of methyl red indicator is 4.4 (red) ~ 6.2 (yellow). Compared with a single indicator, a 278 
mixed indicator could expand the range of color change (Wallach, 1996). The color 279 
range of mixture of bromothymol blue and methyl red in the ratio of 3:2 is 4.4 (red) to 280 
7.1 (green) (Hu, Chen, He, Cui, & Hu, 2014).  281 
Fig. 2 shows color changes of indicator labels for lean pork spoilage trial at 5°C. 282 
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The color changes of the indicator 4, 5, and 6 were respectively similar with indicator 283 
1, 2, and 3. However, the color changes were slower than indicator 1, 2, and 3 because 284 
of their original pHs were lower than indicator 1, 2, and 3. According to results of 285 
previously mentioned quality indices, pork quality could be defined as fresh (on days 286 
0 to 3), medium fresh (on days 4 and 5), and spoiled (on days 6 to 8). Therefore, color 287 
changes of indicator labels should be significant among these three periods and could 288 
not be significant in the same periods. Although, similar colorimetric mixed-pH dye 289 
(bromothymol blue and methyl red)-based on-package indicator label was developed 290 
by Rukchon et al. (2014), which is for real-time monitoring of skinless chicken breast 291 
spoilage related to the response to CO2 instead of TVB-N. Thus, its color change is 292 
opposite to the indicator label in this study. 293 
Among these six indicator labels, the color change of indicator 3 (mixed 294 
bromothymol blue and methyl red indicator at an initial pH of 5.0) was well 295 
associated with the freshness of pork sample throughout storage. The color of 296 
indicator 3 was red within 3 d (fresh period), became goldenrod on days 4 and 5 297 
(medium fresh period), and turned to green from days 6 to 8 (spoiled period). 298 
Additionally, the color change of indicator 1 (whose color was goldenrod from days 0 299 
to 5, and became spruce on days 6~8) was also correlated with the spoilage of pork 300 
sample. However, indicator 1 could not provide warning information for consumers 301 
since the color change was not remarkable between fresh and medium fresh samples. 302 
Although indicator 6 exhibited significant changes in color during storage, the color 303 
was different between days 6 and 8 (spoiled period). Thus, it could confuse consumers 304 
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when assessing pork freshness level.  305 
Fig. 3 shows the total color difference (∆E) of indicator labels for lean pork 306 
spoilage trial at 5°C. Generally, when ∆E values are over 12, it indicates a different 307 
color space and the color changes can be easily observed via the unaided eye (Francis, 308 
1983). In fresh period (days 0~3) of pork storage, all indicator labels had relatively 309 
low ∆E values. Compared with other indicators, indicator 3 had higher ∆E values in 310 
medium fresh period (days 4 and 5) and also higher ∆E values in spoilage period 311 
(days 6~8). In addition, indicator 1 had low ∆E values in fresh and medium fresh 312 
period and high ∆E values in spoilage period. While ∆E values of other indicator 313 
labels were not strictly associated with freshness throughout storage. 314 
Therefore, indicator 3 (mixed bromothymol blue and methyl red indicator at an 315 
initial pH of 5.0) was the most suitable for discriminating fresh pork, medium fresh 316 
pork and spoiled one nearby threshold of pork spoilage. 317 
3.3. Principal components analysis of color changes of indicator labels 318 
The R, G, B, L*, a* and b* coordinates of indicator labels 1 and 3 were analyzed 319 
by PCA (Fig. 4). PCA scores are focused on a comprehensive evaluation of 320 
information contribution to the effect of the original data (Xiao et al., 2014). The data 321 
matrix for PCA contained 9 replicates per measuring point (i.e., 0, 2, 3, 4, 5, 6, 7, 8 d 322 
at 5°C). For indicator 1 and indicator 3, the first two principal components (PCs) 323 
respectively explained 97.83% and 88.91% of variances observed in the experiment, 324 
which is the largest fraction of overall variability in the samples. As can be seen in Fig. 325 
4 (a), the data from days 0 to 5 formed a distinct group as “fresh” and the days 6~8 326 
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samples were mixed in another group as “spoiled” according to results of chemical, 327 
microbial and sensory analyses. The color of indicator 1 is goldenrod for fresh 328 
samples and becomes spruce when samples are spoiled. Similarly, a bromocresol 329 
green indicator for fish spoilage also responds through visible color changes from 330 
yellow to green for the spoilage volatile compounds that mainly contribute to TVB-N 331 
(Pacquit et al., 2007). This result was similar to the conclusion of Chun, Kim, and 332 
Shin (2014)’s research article. Kuswandi et al. (2012) fabricated an on-package 333 
indicator which was based on polyaniline film and responded through visible color 334 
change to TVB-N released during fish spoilage period.  335 
While the data can be classed in three different groups both in Fig. 4 (b) and each 336 
of these groups represents fresh samples, medium fresh samples and spoiled samples. 337 
It means that indicator 3 has a different color for medium fresh samples, which can 338 
provide warning information for consumers. Therefore, the color change of indicator 339 
3 (mixed bromothymol blue and methyl red indicator at an initial pH of 5.0) presented 340 
the best correlation to pork sample freshness during storage in chill conditions, which 341 
is easily visible to the naked eye.  342 
3.4. Partial least squares analysis of color changes of indicator labels 343 
The PCA study presented that color data of indicator label 3 clustered in 344 
accordance with the storage time elapsed. In this work, partial least squares (PLS) 345 
regression method, a multivariate projection method, was used to analyze R, G, B, L*, 346 
a* and b* coordinates of indicator label 3 for predicting TVB-N contents and aerobic 347 
plate counts of packaged pork. PLS statistical model is a fixed linear regression model 348 
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with the type of Y=a*X+b. The determination coefficient (R2) was calculated to assess 349 
the predictive ability of the models. 350 
Fig. 5 presents the PLS graphs in which the measured values vs. the predicted 351 
values calculated according to the PLS algorithm for TVB-N contents and aerobic 352 
plate counts. In Fig. 5(a), a linear model with a fitting line (Y=0.93X+1.03, R2=0.9294) 353 
was obtained for TVB-N contents. Slope of the fitting line (0.93) and intercept with 354 
the y axis (1.03) are related to prediction accuracy and the R2 = (0.9294) is associated 355 
with precision of the PLS model. Another linear model with a fitting line 356 
(Y=0.89X+0.56, R2=0.8932) was obtained for aerobic plate counts in Fig. 5(b). Ideally, 357 
the predicted values should lie along the diagonal line, which represents that the 358 
predicted and measured values are the same. Thus, better PLS model was found for 359 
TVB-N contents than aerobic plate counts.  360 
As TVB-N contents and microbial counts are important quality parameters in 361 
establishing pork shelf-life, the PLS results also show the potential application of 362 
indicator label 3 (mixed bromothymol blue and methyl red indicator at an initial pH of 363 
5.0) in assessing freshness of packaged lean pork. 364 
 365 
4. Conclusion 366 
Three potential food freshness indicators (bromocresol purple, bromothymol 367 
blue and mixture of bromothymol blue and methyl red) were designed for packaging 368 
in order to assess shelf-life of lean pork in cold storage conditions. All indicator labels 369 
used in this research changed color throughout storage, which indicates that the 370 
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indicators are affected by atmospheric changes in package during pork spoilage. Both 371 
the type of indicator and initial pH of mixture of indicator label influence the color 372 
change of indicator label. The lower initial pH is, the slower color change is. Results 373 
demonstrated that color response of indicator 3 (mixed bromothymol blue and methyl 374 
red indicator at an initial pH of 5.0) was correlated with TVB-N contents and aerobic 375 
plate counts, therefore enabling real-time monitoring of pork spoilage. This 376 
colorimetric freshness indicator provides three different colors for illustrating 377 
freshness (red), medium freshness (goldenrod), and spoilage (green), thus enhancing 378 
guarantee of pork safety. Further studies on freshness assessment with other meat 379 
species and different indicators (like natural pigments) should be conducted.  380 
 381 
5. Acknowledgments 382 
We acknowledge the financial support by Jiangsu Province (China) 383 
“Collaborative Innovation Center for Food Safety and Quality Control” Industry 384 
Development Program, National First-class Discipline Program of Food Science and 385 
Technology (No. JUFSTR20180205) and Jiangsu Province Key Laboratory Project of 386 
Advanced Food Manufacturing Equipment and Technology (No. FMZ201803 and No. 387 
JPKL-16), which have enabled us to carry out this study. 388 
 389 
References 390 
Boziaris, I. S., Kordila, A., & Neofitou, C. (2011). Microbial spoilage analysis and its 391 
effect on chemical changes and shelf-life of Norway lobster (Nephrops 392 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
19 
norvegicus) stored in air at various temperatures. International Journal of 393 
Food Science & Technology, 46(4), 887-895. 394 
Chen, H.-z., Zhang, M., Bhandari, B., & Guo, Z. (2018). Applicability of a 395 
colorimetric indicator label for monitoring freshness of fresh-cut green bell 396 
pepper. Postharvest Biology and Technology, 140, 85-92. 397 
Chun, H.-N., Kim, B., & Shin, H.-S. (2014). Evaluation of a freshness indicator for 398 
quality of fish products during storage. Food Science and Biotechnology, 399 
23(5), 1719-1725. 400 
Egan, A. F., Eustace, I. J., & Shay, B. J. (1988). Meat packaging–maintaining the 401 
quality and prolonging the storage life of chilled beef, pork and lamb. Paper 402 
presented at the Meat 88: Proceedings of Industry Day, Brisbane. 403 
Fang, Z., Zhao, Y., Warner, R. D., & Johnson, S. K. (2017). Active and intelligent 404 
packaging in meat industry. Trends in Food Science & Technology, 61, 60-71. 405 
Francis, F. J. (1983). Colorimetry of food. In M. Peleg & E. B. Bagley (Eds.), 406 
Physical Properties of Foods. Westport, CT: AVI Publishing. 407 
Fraqueza, M. J., Ferreira, M. C., & Barreto, A. S. (2008). Spoilage of light (PSE-like) 408 
and dark turkey meat under aerobic or modified atmosphere package: 409 
Microbial indicators and their relationship with total volatile basic nitrogen. 410 
British Poultry Science, 49(1), 12-20. 411 
GB/T 5009.44. (2003). National Standard of the People's Republic of China: Method 412 
for analysis of hygienic standard of meat and meat products. 413 
GB 4789.2. (2010). National Standard of the People's Republic of China: National 414 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
20 
food safety standard, Food microbiological examination: Aerobic plate count.  415 
GB 2707. (2016). National Standard of the People's Republic of China: Hygienic 416 
standard for fresh (frozen) meat of livestock. 417 
GB/T 9959.2. (2008). National Standard of the People's Republic of China: Fresh and 418 
frozen pork lean, cuts. 419 
Gill, C. O. (1983). Meat spoilage and evaluation of the potential storage life of fresh 420 
meat. Journal of Food Protection®, 46(5), 444-452. 421 
Holmer, S. F., McKeith, R. O., Boler, D. D., Dilger, A. C., Eggert, J. M., Petry, D. B., 422 
Killefer, J. (2009). The effect of pH on shelf-life of pork during aging and 423 
simulated retail display. Meat Science, 82(1), 86-93. 424 
Hu, Y.-f., Chen, J.-r., He, Y.-x., Cui, H.-y., & Hu, H.-y. (2014). Carbon dioxide 425 
indicator used in food packaging (in Chinese). Packaging Engineering, 426 
35(11), 6-12. 427 
Huang, X.-w., Zou, X.-b., Shi, J.-y., Guo, Y., Zhao, J.-w., Zhang, J., & Hao, L. (2014). 428 
Determination of pork spoilage by colorimetric gas sensor array based on 429 
natural pigments. Food Chemistry, 145, 549-554. 430 
Iglesias, J., Medina, I., Bianchi, F., Careri, M., Mangia, A., & Musci, M. (2009). 431 
Study of the volatile compounds useful for the characterisation of fresh and 432 
frozen-thawed cultured gilthead sea bream fish by solid-phase microextraction 433 
gas chromatography–mass spectrometry. Food Chemistry, 115(4), 1473-1478. 434 
Kuswandi, B., Jayus, Oktaviana, R., Abdullah, A., & Heng, L. Y. (2014). A novel 435 
on-package sticker sensor based on methyl red for real-time monitoring of 436 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
21 
broiler chicken cut freshness. Packaging Technology and Science, 27(1), 437 
69-81. 438 
Kuswandi, B., Jayus, Restyana, A., Abdullah, A., Heng, L. Y., & Ahmad, M. (2012). A 439 
novel colorimetric food package label for fish spoilage based on polyaniline 440 
film. Food Control, 25(1), 184-189. 441 
Kuswandi, B., & Nurfawaidi, A. (2017). On-package dual sensors label based on pH 442 
indicators for real-time monitoring of beef freshness. Food Control, 82, 443 
91-100. 444 
Li, H., Chen, Q., Zhao, J., & Wu, M. (2015). Nondestructive detection of total volatile 445 
basic nitrogen (TVB-N) content in pork meat by integrating hyperspectral 446 
imaging and colorimetric sensor combined with a nonlinear data fusion. LWT - 447 
Food Science and Technology, 63(1), 268-274. 448 
Li, M., Tian, L., Zhao, G., Zhang, Q., Gao, X., Huang, X., & Sun, L. (2014). 449 
Formation of biogenic amines and growth of spoilage-related microorganisms 450 
in pork stored under different packaging conditions applying PCA. Meat 451 
Science, 96(2 Pt A), 843-848. 452 
Li, Y.-Q., Hao, M., Yang, J., & Mo, H.-Z. (2016). Effects of glycinin basic 453 
polypeptide on sensory and physicochemical properties of chilled pork. Food 454 
Science and Biotechnology, 25(3), 803-809. 455 
Mansur, A. R., Tango, C. N., Kim, G.-H., & Oh, D.-H. (2015). Combined effects of 456 
slightly acidic electrolyzed water and fumaric acid on the reduction of 457 
foodborne pathogens and shelf life extension of fresh pork. Food Control, 47, 458 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
22 
277-284. 459 
Mozuriene, E., Bartkiene, E., Krungleviciute, V., Zadeike, D., Juodeikiene, G., 460 
Damasius, J., & Baltusnikiene, A. (2016). Effect of natural marinade based on 461 
lactic acid bacteria on pork meat quality parameters and biogenic amine 462 
contents. LWT - Food Science and Technology, 69, 319-326. 463 
Nopwinyuwong, A., Trevanich, S., & Suppakul, P. (2010). Development of a novel 464 
colorimetric indicator label for monitoring freshness of intermediate-moisture 465 
dessert spoilage. Talanta, 81(3), 1126-1132. 466 
Ohta, N. (1977). Correspondence between CIELAB and CIELUV color differences. 467 
Color Research & Application, 2(4), 178-182. 468 
Omana, D. A., Goddard, E., Plastow, G. S., Janz, J., Ma, L., Anders, S., Bruce, H. L. 469 
(2014). Influence of on-farm production practices on sensory and 470 
technological quality characteristics of pork loin. Meat Science, 96(1), 471 
315-320. 472 
Ozogul, Y., Ozyurt, G., Ozogul, F., Kuley, E., & Polat, A. (2005). Freshness 473 
assessment of European eel (Anguilla anguilla) by sensory, chemical and 474 
microbiological methods. Food Chemistry, 92(4), 745-751. 475 
Pacquit, A., Frisby, J., Diamond, D., Lau, K., Farrell, A., Quilty, B., & Diamond, D. 476 
(2007). Development of a smart packaging for the monitoring of fish spoilage. 477 
Food Chemistry, 102(2), 466-470. 478 
Pacquit, A., Lau, K. T., McLaughlin, H., Frisby, J., Quilty, B., & Diamond, D. (2006). 479 
Development of a volatile amine sensor for the monitoring of fish spoilage. 480 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
23 
Talanta, 69(2), 515-520. 481 
Rahman, S. M. E., Wang, J., & Oh, D.-H. (2013). Synergistic effect of low 482 
concentration electrolyzed water and calcium lactate to ensure microbial 483 
safety, shelf life and sensory quality of fresh pork. Food Control, 30(1), 484 
176-183. 485 
Rukchon, C., Nopwinyuwong, A., Trevanich, S., Jinkarn, T., & Suppakul, P. (2014). 486 
Development of a food spoilage indicator for monitoring freshness of skinless 487 
chicken breast. Talanta, 130, 547-554. 488 
Salinas, Y., Ros-Lis, J. V., Vivancos, J.-L., Martínez-Máñez, R., Marcos, M. D., 489 
Aucejo, S., Garcia, E. (2014). A novel colorimetric sensor array for monitoring 490 
fresh pork sausages spoilage. Food Control, 35(1), 166-176. 491 
Umuhumuza, L. C., & Sun, X. (2010). Rapid detection of pork meat freshness by 492 
using L-cysteine-modified gold electrode. European Food Research and 493 
Technology, 232(3), 425-431. 494 
Vanderroost, M., Ragaert, P., Devlieghere, F., & De Meulenaer, B. (2014). Intelligent 495 
food packaging: The next generation. Trends in Food Science & Technology, 496 
39(1), 47-62. 497 
Veberg, A., Sorheim, O., Moan, J., Iani, V., Juzenas, P., Nilsen, A. N., & Wold, J. P. 498 
(2006). Measurement of lipid oxidation and porphyrins in high oxygen 499 
modified atmosphere and vacuum-packed minced turkey and pork meat by 500 
fluorescence spectra and images. Meat Science, 73(3), 511-520. 501 
Vestergaard, J. S., Martens, M., & Turkki, P. (2007). Application of an electronic nose 502 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
24 
system for prediction of sensory quality changes of a meat product (pizza 503 
topping) during storage. LWT - Food Science and Technology, 40(6), 504 
1095-1101. 505 
Wallach, D. F. H. (1996). Methods and devices for detecting microbial spoilage in 506 
food products. US. US6495368. 507 
Xiao, Y., Jiaojiao, J., Guohua, H., Fangyuan, Y., Minmin, W., Jie, H., Shanggui, D. 508 
(2014). Determination of the freshness of beef strip loins (M. longissimus 509 
lumborum) using electronic nose. Food Analytical Methods, 7(8), 1612-1618. 510 
Zaragoza, P., Fuentes, A., Ruiz-Rico, M., Vivancos, J. L., Fernandez-Segovia, I., 511 
Ros-Lis, J. V., Martinez-Manez, R. (2015). Development of a colorimetric 512 
sensor array for squid spoilage assessment. Food Chemistry, 175, 315-321. 513 
Zhang, H., Kong, B., Xiong, Y. L., & Sun, X. (2009). Antimicrobial activities of spice 514 
extracts against pathogenic and spoilage bacteria in modified atmosphere 515 
packaged fresh pork and vacuum packaged ham slices stored at 4 degrees C. 516 
Meat Science, 81(4), 686-692. 517 
Zhang, L., Shen, H., & Luo, Y. (2011). A nondestructive method for estimating 518 
freshness of freshwater fish. European Food Research and Technology, 519 
232(6), 979-984. 520 
Zhang, Q. Q., Han, Y. Q., Cao, J. X., Xu, X. L., Zhou, G. H., & Zhang, W. Y. (2012). 521 
The spoilage of air-packaged broiler meat during storage at normal and 522 
fluctuating storage temperatures. Poultry Science, 91(1), 208-214. 523 
524 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
25 
Figure and table captions 525 
Table 1 Details on the preparation of indicator materials. 526 
Table 2 Chemical, microbial and sensory changes in lean pork at 5°C. 527 
 528 
Fig. 1 Packaged lean pork with different food freshness indicator labels at 5°C. 529 
Fig. 2 Color changes of indicator labels for lean pork spoilage trial at 5°C. 530 
Fig. 3 Total color difference (∆E) of indicator labels for lean pork spoilage trial at 531 
5°C.  532 
Fig. 4 Principal components analysis (PCA) score plot of lean pork in cold storage 533 
performed using the R, G, B, L*, a* and b* coordinates of the indicator labels 534 
obtained at different storage periods.  535 
Fig. 5 Experimental values versus the values predicted by partial least squares 536 
statistical model (dashed lines) based on data set of R, G, B, L*, a* and b* coordinates 537 
of the indicator labels. 538 
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Table 1 Details on the preparation of indicator materials. 540 
Code Dye pH of mixture 
Indicator 1 Bromocresol purple 4.5 
Indicator 2 Bromothymol blue 5.3 
Indicator 3 Bromothymol blue: methyl red = 3: 2 5.0 
Indicator 4 Bromocresol purple 4.2 
Indicator 5 Bromothymol blue 4.2 
Indicator 6 Bromothymol blue: methyl red = 3: 2 4.4 
541 
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Table 2 Chemical, microbial and sensory changes in lean pork at 5°C. 542 
Storage 
time (day) 
Total volatile basic 
nitrogen contents 
(mg/100 g) 
pH Aerobic plate counts 
(log10 CFU/g) 
Sensory 
scores 
0 4.23±0.12a 5.84±0.07a 3.1±0.2a 9.00±0.00h 
1 6.86±0.76b 5.93±0.09a 3.4±0.4a 8.78±0.44h 
2 7.77±0.59bc 6.07±0.07b 4.0±0.2b 7.89±0.33f 
3 9.19±0.85c 6.12±0.07bc 4.3±0.4b 7.22±0.44ef 
4 11.50±1.31d 6.18±0.09bc 4.9±0.3c 6.56±0.53e 
5 13.28±1.21e 6.22±0.07cd 5.1±0.3c 5.67±0.50d 
6 19.07±1.41f 6.33±0.08de 6.3±0.2d 4.33±0.50c 
7 24.21±1.58g 6.39±0.07e 7.3±0.5e 2.89±0.60b 
8 28.96±1.39h 6.67±0.11f 7.8±0.3f 1.78±0.44a 
Values are the mean of nine replicates and bars stand for standard deviation. 543 
Different letters indicate a significant difference (p < 0.05). 544 
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Fig. 1 Packaged lean pork with different food freshness indicator labels at 5°C. 
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Fig. 2 Color changes of indicator labels for lean pork spoilage trial at 5°C. 
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Fig. 3 Total color difference (∆E) of indicator labels for lean pork spoilage trial at 
5°C. Indicator 1 (■), Indicator 2 (●), Indicator 3 (▲), Indicator 4 (▼), Indicator 5 
(♦), Indicator 6 (◄). 
Values are the mean of nine replicates and bars stand for standard deviation. 
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Fig. 4 Principal components analysis (PCA) score plot of lean pork in cold storage 
performed using the R, G, B, L*, a* and b* coordinates of the indicator labels 
obtained at different storage periods (+: Days 0; │: Days 2; ─: Days 3; ▽: Days 4; 
△: Days 5; ○: Days 6; : Days 7; : Days 8). 
(a) Indicator 1, (b) Indicator 3 
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(b) 
Fig. 5 Experimental values versus the values predicted by partial least squares 
statistical model (dashed lines) based on data set of R, G, B, L*, a* and b* 
coordinates of the indicator labels. The solid line represents ideal behavior. 
(a) Total volatile basic nitrogen contents, (b) Aerobic plate counts. 
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Development of a novel colorimetric food package label for 
monitoring lean pork freshness 
 
Highlights 
 pH dye-based indicator labels were studied for lean pork meat spoilage 
assessment. 
 Indicator responds via visible color change to volatiles in the package headspace. 
 Indicator color change presents a similar tendency to microbial growth. 
 Indicator color change can discriminate fresh, medium fresh, and spoiled pork. 
